
- _I---*- 
I I 8  

-_-- 
i r l .  8 .  

- __ - 

n v i  - B Y  A)bS-b-XS j 5  

--i_____- ' 

* " 

3630 
_____- -- - . -  9 - --_- r 

A nnoL-AcrrvAlcm mNOPmDmE OF m m r n i ~ v  - I 1 - 
. -  &&&&A c _. L L  j 9--_ 

9 

Stanley E l l i s  
Ames Research Center, NASA, Moffett Field, California 

Animal t issues  appear t o  contain at l ea s t  two aminopeptidases 

ef 3 ,-j+ , 7 0.2 y~--5( 5- c 7) 

which hydrolyze 1eucineamie.e. 

inhibited by EXXU and unaffected by -SH reagents (Smith, 1955). 
Another aminopeptidase w a s  detected 'by Fruton (1939) i n  beef spleen 
extracts  and required activation by cysteine but fur ther  characteri- 

zation of t h i s  enzyme has nc?t been pursued. 

extracts by Adams and Smith (1951). 
extracts  also contain an am2nopeptidase which i s  activated by -SH 
compounds and inhibited by ~u l fhydry l  reagents. Moreover, the -sH 

activated aminopeptidase, i n  contrast t o  the Mn++ activated enzyme, 
hydrolyzes amino acid napht&flamides most rapidly i n  the following 
order: 

One is activated by Mn++ or  Mg* , 

"he Mn++ activated aminopeptidase w a s  f i r s t  observed i n  p i tu i ta ry  

A s  w i l l  be shown below, p i tu i ta ry  

Arg > Lys > Phe > Leu > Ala > T y r .  
Pitui tary extracts emplcyed i n  these studies were obtained by 

centrifslgation (30 min. at 6000xg) of a 20$ homogenate which had been 

prepared by homogenization for 10 mlr i .  i n  dis t i l led water and adjusted 

t o  pH 7.5. 
L-lysine-p-nitroanilide (Eklahger et al., 1961; "uppy e t  al., 1962) 

The clear  red supernatants gave maximal hydrolysis of 1O'jM 

at pH 7.5 i n  0.M T r i s - H C 1  and 0.OlM thioglycolate. 
was  determined from the increa n absorbancy at  410 n q ~  due t o  the 
l iberat ion of p-nitroaniline. e kinet ics  of the reaction were zero 

order and the r a t e  of hydrolysis bas direct ly  proportional t o  extract  
concentration (0.01 t o  0.08 I$., per 2.5 d. of assay solution at  37"). 
The K, was 3.6 x 

ranging from 1 x 10-3 t o  

c i t r a t e ,  imidazole or  maleate buffers inhibited the r a t e  of hydrolysis 

by 30 t o  4 6  as compared t o  Tr i s  'byffers. 

was hydrolyzed at  12$ of the r a t e  of the lysine derivative while acety- 
L-Phe- and benzoyl-DL-Arg-p-nitroanilide were not hydrolyzed detectably. 

The lack of action on the lat ter twbisubstrates suggests t ha t  the 

The reaction rate 

as ,determined from substrate concentrations 

Equi-molar concentrations of phosphate, 

1 
1 L-phenylalanine-p-nitroanilide 

l 
/ - %.#y 

1 4 J w t  I P., 1 enzyme is  an aminopeptidase. 
1 

The efficacy of different t h io l s ,  i n  activating the enzyme at pH 7.5 
is shown i n  Figure 1: It can be seen'that a 3- and 5-fold increase i n  . 
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Fig. 1. Augmentation of L-lys-p-dtroanilide ac t iv i ty  of p i tu i t a ry  
extracts  by th io l s  GSH, ghtathione;  2-MCE, 2-mercaptoethanol; 
TM, thioglycolate; Cys, cysteine; 9, posterior; and A, anter ior  
p i tu i ta ry  extracts.  Assay solution: 
nitroanilide,  1 ml. O.25M Tris-HCI, 0.1 m l .  sulfhydryl solution, 
and 0.4 m l .  diluted extract  containing 0.02 ml. of c e n t r i m e d  
extract from a 20$ homogenatqi . 

,. I #  i 

1 ml. 2.5 x 10-3 M lys-p- 
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Table 1. Inhibition of Lysine-pbnitroanilide Hydrolysis by Disulfides 

Extract Molarity of Hydrolysis Rate P 
Disulfide \. A 0.D.41,/min./ml. Inhibition’ 

I 

m1-19 1 
0.05 ml. None 0.22 0 

!, . 

0.11 50 

5 x 10-3 0.12 45 

‘ I :  
GSSG 

1 x 10-3 
GSSG 

Oqytocin I 

1.2 x 10-5 0.06 

1.2 x 10-6 I 0.084 

. 1  
Oxytcqin 1 ,  

73 

61 

m1-3 2’ 
I’ 

0.02 ml. None 
Vasopressin I 

3 x 10-6 

3 x 1046 

3 x 10-6 

0.06 ml. None 
Vasopressin 

0.10 ml. None 
Vasopressin 

0.14 
0.085 

0.14 
0.10 

0.12 
0.095 

39 

29 

21 

XXII-62 3 
0.1 ml. None 0.16 

Formamidine 
disulfide 
1 x 10-5 0.14 13 
1 10-4 0.04 75 

Posterior and 3 anterior pituitary extract. The assay solutions 
were as indicated in Fig. 1 except for  0.1 m l .  disulfide solution and 
0.4 ml. of diluted extract containing the indicated amount of undiluted 
extract. 

I 

activity occurs with freshly prepared extracts from anterior and pos- 

terior lobes of bovine pituitaries, ‘respectively. The un-activated 
extract rapidly deteriorates on storage at 5: for 24 hours to about 

! 



. 1/3 of the or iginal  ac t iv i ty  as determined from assays without added 
th io l .  

and can be f'ully reactivated with 0.024 t h i o l s  t o  the same levels  as 
with freshly prepared extracts.  The ac t iv i ty  of the extracts  i s  
maximally stable i n  the range from pH 6.5 t o  8 below 45" but can be 

completely destroyed i n  15 mine at 60". 
was also detected i n  brain, kidney, l iver ,  spleen, and muscle, but not 
i n  thymus extracts .  

Thereafter, the  ac t iv i ty  remains constant fo r  about two weeks 

Thiol-activated aminopeptidase 

The ac t iv i ty  of freshly prepared extracts  kithout added t h i o l s  
i s  inhibited by various disulf ides  t o  the  extent shown i n  Table 1. 

Glucagon at  a concentration of 
soy-bean trypsin inhibi tor  i s  completely ineffective. 
maleim3.de ( 10m3M)  and p-chloromerwiphenyl sulfonate (10-h) inhibi t  

causes a 5 6  inhibition, while 

N-ethyl 

--- . =-sS-"tG-activity of crude extracts 79 and 87$, respectively. It i s  note- 
worthy tha t  tbe inactivation of endogenous corticotropin during 
incubation of p i tu i t a ry  homogenates i s  also inhibited by the octa- 
peptide di'sulfides and glucagon (Barrett and Sayers, 1958). 

exception of Mg, Ca and Fe++ showed a strong inhibit ion with both 

undialyzed extracts  and with extracts dialyzed against EDTA (10-4M) 
followed by water. 

l0-h was as follows: ~ n ,  50$; CO, 4 6 ;  ~ g ,  8@; CU, 9 6 ;  ~ n ,  95%. 
Fe+* ( l O - 3 M )  caused a 7 6  inhibit ion whereas Fe* (10-4M) increased 

the ac t iv i ty  t o  115%. EDTA (10-3 and 10'4M) when pre-incubated with 
the buffered extract  pr ior  t o  the addition of the substrate caused a 
logarithmic loss of ac t iv i ty  amounting t o  66 after 30 min., while 
pre-incubation with both EDTA and 0.Ol.M 2-mercaptoethanol resul ted i n  

a 95% loss of ac t iv i ty .  
extracts  which had been inhibited with EDTA alone produced an 80 t o  

106 regeneration of act ivi ty .  

I n  the absence of added thiols ,  a l l  metals tested,  with the 

The range of inhibit ion by divalent metals at  

The addition of Fe++ or eo++ (lo-%) t o  the  

As with crude extracts, the ppartially purified enzyme w a s  strongly 
activated by th io ls ,  but the inhibitory e f fec t  of EDTA, e i the r  alone 
or  with 2-mercaptoethanol, wa6 no longer evident. 
w a s  neither inhibited or  activated by Fk*, Co++, Mn++ or Mg*. 
p a r t i a l l y  purified enzymes employed i n  these studies were essent ia l ly  
concentrates of foll icle-stimulating hormone, o r  derived sub-fractions, 

which had been obtained by chromatography on DEAE-cellulose according 

The purif ied enzyme 

The 

. 
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t o  methods outlines elsewhere ( E l l i s ,  1958, 1960). 

For the purpose of establishing the rates of hydrolysis of different 

amino acid derivatives re la t ive t o  lysine, the B-naphthylamides 

(Goldstein e t  al., 1962; Nachlas e t  al., 1962) were employed a t  a 
concentration of 
fluorimetrlerrlly (Oreenberg, 1962) employing 0.M Trlrr-HC1, pH 7.5, 
0.01 M 2-mercaptoethanol and 0.015 ml. of extract. 

t i on  of substrate, the reaction was Zero order and the hydrolysis 
rate was direct ly  proportional t o  the concentration of extract. 

The rates  of hydrolysis were determined 

A t  t h i s  concentra- 

Table 2. Hydrolysis of B-Naphthylamides by W i n e  Anterior Pituitary 
Extract 

- 8 - Naphthylami de Hydrolysis Rate 
Substrate no addition -SH added 

pmoles/min/ml. pmoles/min/d. 

m3 

LYS 
F'he 

4.2 

3.8 
3.1 

Ala 0.10 2.8 
Leu , '  0.36 2.6 
Tyr <o. 1 1.8 
pro <o. 1 0.16 

Ser CO.1 0. ll 

<o. 1 Val, CX-GlU, Y-Glu 
H i s ,  Thr, G l y  <o. 1 

l* 

Cys-di-B-NA i 
-- .-. - (1 x 10-5M) 0.32 0. P --. 

Assay solution: 1 x 1 0 - 4 M  -@-naphthylamide, 0.0625M Tris-HC1,  0.01 M 
2-mercaptoethanol, O.OlZ5cc centrifuged extract. Total volume 
4.0 cc, pH 7.5, 37". 
of 1 ml. of centrifuged extract  from a 20$ homogenate. 

Hydrolysis r a t e  calculated on the basis 

-.- - --ze-+-iable 2 shows the rates of hydrolysis of various andno acid f3-naphthy- 

lamides observes - d t h  anterior pi tui tary extracts. As with the 

p-nitroanilides, the addition of -SI t o  the naphthylamides a l so  
produced -ked activation. With the purified enzyme, the relat ive 
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ra tes  of hydrolysis were the 8-e with the exception of Phe whose r a t e  

equaled that  of Arg. 
(Worthington) hydrolyzed the arginine derivative a t  only 346 of the 

ra te  of leucine-f3-naphthyhd.de . 

m f i e d  leucine aminopeptidase from hog kidney 
I 
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